The Çelikhan fluorite mineralization is concentrated in the thrust zone between the Pinarbasi Formation, which forms the hanging wall, and the Kalecik Limestone foot wall. Fluorite occurs as fracture fills in the thrust zone and as replacement of the foot wall. The wall rock alteration consists of calcite, barite, quartz and kaolinite.
INTRODUCTION
Fluorite is present in a diverse group of mineral deposits ranging from epithermal to high temperature and high salinity magmatic deposits in varied host lithologies. Because of its distinct geochemical pattern, fluorite rare earth element geochemistry has been used as an aid to investigating fluorite genesis (Schneider et al., 1975; Möller et al., 1976; Richardson and Holland, 1979; Möller and Morteani, 1983; Strong et al., 1984; Ekambaram et al., 1986; Constantopoulos, 1988; Eppinger, 1988; Eppinger and Closs, 1990; Subias and Fernandez-Nieto, 1995; Hill et al., 2000; Williams-Jones et al., 2000; Andrade et al., 1999; Bühn et al., 2002; Bosze and Rakovan, 2002; Monecke et al., 2002) and a similar approach is used in this study.
Fluorite occurs in many Turkish mineral deposits either as a main or accessory constituent (Sagiroglu, 1982; Ozüs and Yaman, 1986; Ozgenc, 1993; Ayan and Ozgenc, 1995; Sasmaz and Celebi, 1999; Koc et al., 2003; Sasmaz et al., 2005) . However, fluorite-bearing mineral deposits are generally high temperature-high salinity magmatic and magmatic hydrothermal deposits thrust zones hundreds of kilometers long (Fig. 1) .
These fault zones generally host various mineralization, the most common of which are Cu-sulphide and pyrite. The EAFZ is interpreted as a transform fault system, by many regional geological studies (Piskin, 1972; Gözübol and Onal, 1986; Yazgan and Chessex, 1991; Yigitbas and Yilmaz, 1996) , marking the collision of the Anatolian and Arabian plates. The EAFZ itself does not host significant mineralization although its antithetic and synthetic fault zones do host epithermal mineralization such as marcasite and hematite, whose weathered parts provide a source of iron ore.
The Çelikhan fluorite mineralization is hosted by Permo-Carboniferious Malatya metamorphites which covers vast areas south and southwest of Malatya township (Fig. 2) . The metamorphites include; marble, limestone, dolomitic limestone, mica-schist and calc-schist, and show features indicative of low pressure and low temperature metamorphism (Gözübol and Onal, 1986) . In the study area, the metamorphites are divided into four lithological units. From bottom to top these include micaand calc-schists of the Pinarbasi Formation, stratified and cherty Koltik Limestone, phyllites of the Düzagaç Formation and dolomitic Kalecik Limestone (Fig. 2 ) (Gözübol and Onal, 1986) . No plutonic rocks or evidence of magmatic activity is present in the study area. The nearest evidence for magmatic activity is a small Neogene volcanic body located about 15 kms north of the study area.
FLUORITE MINERALIZATION
The Çelikhan fluorite deposits are concentrated in the thrust zone between the hanging wall Pinarbasi Formation and footwall Kalecik Limestone. Fluorite ore bodies outcrop at Degirmenbasi, Kuz Tepe, Asagiköy and Dalavihami Tepe (see Figs. 2 and 3 ). Fluorite mineralization within of these four areas have similar features. For example, the fluorite bodies fill fractures in the thrust zone or form replacement pockets and disseminations in the Kalecik Limestone footwall. Here, the fluorite ranges in colour from colourless, to light violet, to violet. Mineralized sections are up to 5 m thick. Flourite and gangue minerals do not exhibit any sign of tectonic deformation. Both the hanging wall and footwall adjacent to the mineralized zones are weakly altered to quartz, carbonate minerals, barite and kaolinite.
The petrographic studies show that the fluorite mineralization and associated wall rock alteration are in response to a single hydrothermal event, and that there is no genetic difference between them.
Many thrust zones are present in the study area al- 
GEOCHEMISTRY
Fifteen fluorite samples collected from massive ores in the four areas mentioned above and six samples of country rock were analysed for their major oxide, traceand rare earth elements by Acme Analytical Laboratories in Canada (Table 1) by ICP-MS, and F by ICP-AES.
REE geochemistry
The total REE contents of Çelikhan fluorites vary within a narrow range from 10 to 42 ppm ( x = 18 ± 10) as shown in Table 1 . The total REE contents of the country rocks vary from 25 ppm in phyllite dominant Düzagaç Formation and Koltik Limestone (Pmk in Table 1 ), to 68 ppm in the Kalecik Limestone (Pmka), to as high as 519 ppm in the Pinarbasi Formation (Pmp in Table 1 ). The chondrodite-normalized REE patterns of fluorites and country rocks display similar trends that can be interpreted to imply a genetic association (Fig. 4) . Another striking feature of the chondrite-normalized patterns is that the Pinarbasi Formation has higher REE contents than those of the fluorite and other country rocks. REE rich miner- Gözübol and Önal, 1986) . CD, CK, DT and CA are fluorite deposits sectors and sample locations in the study area. als such as monazite and xenotime are not observed in the schists of Pinarbasi Formation and it is not possible to determine the REE rich minerals of the schists. Çelikhan fluorites also contain anomalous Au contents ranging from 84 to 575 ppb.
Fig. 2. Location and geological map of the study area (simplified after
In a Tb/Ca versus Tb/La diagram ( Fig. 5 ), Çelikhan fluorites plot in the hydrothermal field (Möller et al., 1976) . The fluorites also plot within the low Tb-low La field in the (La/Yb) n -(Tb/Yb) n diagram ( Fig. 6 ) which includes many other hydrothermal deposits, such as Akdagmadeni (Sasmaz et al., 2005) and New Mexico (Hill et al., 2000) . In a (La/Yb) n -(Eu/Eu*) n diagram the fluorites plot in the same region as vein-type Tad D., Hensen and Chise district barren fluorites veins and Truth Ba-Pb veins. These are all low-temperature hydrothermal deposits (Fig. 7) . The same diagram also shows HREE enrichment and positive Eu anomaly in relation to chondrite trends (Fig. 7) . This same trend is also observed Onal and Gözübol, 1992) . Fig. 4 . Chondrite-normalized (Boynton, 1984) (Eppinger, 1988) Hill et al. (2000) .
in a Sr -(Eu/Eu*) n diagram (Fig. 8) . In addition, the Sr contents are very low and may indicate non magmatic origin. The Çelikhan fluorites data coincide with data of Rift and Akdagmadeni fluorites in the Sr -Sc/Eu diagram (Fig. 9) . Low Sc/Eu ratios indicate a sedimentary environment. The low ÂREE content is easily seen in Sc -ÂREE diagram (Fig. 10) . (Sasmaz et al., 2004) . By contrast, the Çelikhan fluorites have some of the lowest values.
Fig. 10. Sc versus the sum of analysed REE (ppm). Plutonhosted fluorites tend to have the highest total REE abundance
The total REE content of Çelikhan fluorite is very low and varies within narrow intervals from 10 to 42 ppm ( x =18 ± 10). The fluorites with low total REE are interpreted to be derived from a sedimentary environment (Ronchi et al., 1993; Hill et al., 2000) .
Similar chondrite normalized REE patterns for the fluorites and the country rocks indicate a genetic relationship. However, the fluorites exhibit a positive Eu anomaly but a small negative Ce, indicative of low temperatures and high fo 2 conditions. Workable fluid inclusions are not present in the fluorite or quartz and thus it was not possible to confirm the formation conditions indicated by the geochemical data. Plots of Tb/Ca versus Tb/La (La/Yb) n -(Tb/Yb) n and (La/Yb) n -(Eu/Eu*) n are consistent with a hydrothermal origin for the mineralizing waters.
The ÂREE and F contents (Table 1 ) of the Pinarbasi Formation are extraordinarily high at 519 and 680 ppm, respectively, and could be the source for the REE and F of the mineralizing waters. Total REE contents of the fluorites are lower than those of the Pinarbasi Formation due to low mobilities for REE. Fluorine has a higher mobility than REE (Rose et al., 1979) and therefore was probably more easily leached by hydrothermal solutions from the Pinarbasi Formation before being deposited in the thrust zone, or as replacement of the limestone.
The source of the mineralizing hydrothermal solution is not clear. Fluorite REE geochemistry does not show a magmatic signature. This is supported by the absence of any evidence for magmatic activity product in the region. The low temperature of the hydrothermal solutions is further supported by the wall rock alteration assemblage. The mineralizing solutions could be circulating meteoric water heated via the natural thermal gradient at depth within the thrust zone, or hot solutions generated during thrusting. There are several examples of heated meteoric water due to thrusting and faulting in the SETZ and EAFZ (Yazgan and Chessex, 1991) . Although the surface temperatures of these solutions are low, with a maximum of 48∞C at Çermik (Diyarbakir) and 28∞C at Ispendere (Malatya; Fig. 1 ), they contain high concentrations of elements (1,370 ppm) and ions (2,205 ppm) in solution (Cetindag et al., 1991; Sahinci, 1991) . It would appear that these hydrothermal solutions are formed in a well developed thrust system that cuts several different lithologies of variable geochemical signature. These hydrothermal fluids are expected to form complex mineral assemblages and more voluminous mineralized bodies and alteration zones than simple hydrothermal systems that cross-cut a few lithologies.
The Çelikhan fluorites occur as small ore bodies confined to the SETZ and in the immediate vicinity of the limestone footwall. The mineral assemblage and wall rock
DISCUSSION
The occurrence of Çelikhan fluorites in fracture fills in the SETZ and as replacement of the footwall, where it is associated with weak wall rock alteration support an epigenetic origin for this mineralization. alteration mineral suite of the studied mineralization are very weak consisting of fluorite, barite, quartz, kaolinite and carbonates. The ore formed by a thrusting mechanism which had a relatively short strike length and which traversed a small number of lithologies (Figs. 2 and 3) . The water was supplied either from meteoric sources or formation waters of the Pinarbasi Formations, or from a combination of both.
CONCLUSIONS
The Çelikhan fluorite mineralizations is one of many examples of thrust zone mineralizations that occur in the SETZ in the eastern Taurid region which contains mineralizations derived from local lithologies cut by the thrusts. Fluorite bodies of Çelikhan occur as thrust zone fillings and footwall replacements along the thrust zone between the Pinarbasi formation and the Kalecik Limestone.
The geology of the area, geochemical data, mineralogy and wall rock alteration all indicate that the Çelikhan fluorites formed under low temperature, high fo 2 -hydrothermal conditions with no evidence for magmatic input.
The mineralizing hydrothermal solutions are probably 1) meteoric waters heated by the natural thermal gradient at depth within the thrust zone, or 2) formation waters heated and mobilized by thrust-faulting, and/or 3) a combination of these two.
The simple mineralogy, limited mineralization and weak alteration intensity indicate that whatever the mechanism was, the deposition of fluorite and associated wall rock alteration occurred within a short time interval and by a single hydrothermal event. These conclusions are verified by geochemical data as follows.
Low total REE contents in the fluorites are consistent with a lack of magmatic input. There is no evidence for plutonic bodies or any magmatic input in the Çelikhan fluorite district (Fig. 2) . The Pinarbasi Formation has the highest ÂREE and F contents and is considered the likely source of REE in the fluorites as it forms the hanging wall to the mineralization. The fluorites display strong positive Eu anomalies (Fig. 4) that indicate low temperatures and high fo 2 conditions during mineralization, as low fo 2 does not allow the conversion of Eu +2 to Eu +3 which substitutes for Ca +2 within the fluorite crystal lattice (Constantopoulos, 1988; Ekambaram et al., 1986; Palmer and Williams-Jones, 1996; Hill et al., 2000; Sasmaz et al., 2004) . In general, fluorites associated with precious metal deposits show positive Eu anomalies (Palmer and Williams-Jones, 1996; Hill et al., 2000; Sasmaz et al., 2004) . The slightly negative Ce anomaly (Fig. 4) also indicates high oxygen fugacity as Ce +3 is oxidized to immobile Ce +4 (Constantopoulos, 1988; Palmer and Williams Jones, 1996; Hill et al., 2000) .
